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FOREWORD

The purpose of this Field Procedures Manual (FPM) is to provide NOAA field units with consolidated and
standardized guidelines and requirements for conducting, processing, and generating final field deliverables for
Office of Coast Survey (OCS) hydrographic surveys. This manual summarizes current best practices that shall be
used by NOAA field units to meet specifications set forth in the NOS Hydrographic Surveys Specifications and
Deliverables.

Words used in this manual to denote mandatory or permissive actions are defined as follows:

* “Shall” or “must” means the procedure or standard is mandatory.

“Should” means the procedure or standard is recommended.

“May” and “need note” means that the procedure or standard is optional.

“Will” means futurity of action only and does not indicate any degree of requirement for application of a
procedure or meeting a standard.

Due to the rapid development of technology and continual improvement of operational methods, the FPM will
require periodic maintenance. User input, particularly from field units, is critical to ensuring that the FPM is up to
date. Recommended changes to the FPM will be reviewed by committee bi-annually for potential application to the
FPM. Any new procedures put into effect between versions of the FPM will be implemented via a Hydrographic
Surveys Technical Directive. Recommended changes and other comments regarding the manual can be made
via the following online form: https://docs.google.com/a/noaa. gov/spreadsheet/viewform?uspZdrive_web&fogl
mkey=dDZ1anFweXZiLUQINXNMY Wh2SktFdIE6MA#gid=(| or via email to HSSD.FPM.updates@noaa.gov.

Any mention of a commercial company or product within this manual does not constitute
an endorsement by NOAA. The wuse for publicity or advertising purposes of information
concerning proprietary products or software or the tests of such products is not authorized.
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SIGNIFICANT FPM CHANGES SINCE RELEASE OF 2013 VERSION
SECTION AND DESCRIPTION OF CHANGE

Title Page - Foreward
Added the Field Procedures Manual and Specifications and Deliverables Feedback form weblink and email.

1.3 Basic Methods and Documentation
Added reference to HiBase

1.3.2 HiBase (Hydrographic Inventory Database)
Added new section regarding HiBase

1.5.11.1 Reference Surface Acquisition and Processing
Added new section

2.4.5.1 Local Notice to Mariners Announcement
Add new section regarding LNM submission requirements

2.4.5.3 Potential for Lost or Damaged Fishing Gear
Revised existing section with more comprehensive guidance & information

3.5.2.3 Water Level Data Retrieval
Removed reference to TideBot

3.5.2.3.2 TideBot
Deleted entire section

3.5.7 Coast Pilot Data
Revised this section

4.1.1.1 HIPS and SIPS Vessel Wizard
Updated Table 4.1

4.1.1.1.2 Configuration Options
General revision to section

4.1.2 Creating CARIS Projects
Revised section regarding the use of the CARIS New Project Wizard

4.2.3.3 Load Error Data
General revision to section

4.2.3.5 Load Delayed Heave
Revised section to include reference to Delayed Heave

4.2.3.7 Merge
Deleted the ‘Apply Refraction’ portion of this section
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4.2.3.8 Compute TPU (Total Propagated Uncertainty)
Refined explanation of loading uncertainty for TCARI tides

4.4.3.2.2 Target File
Added section regarding Target file processing

5.2.2.2.5 Coast Pilot Review
General update regarding Coast Pilot Review

Added the following general note to the Appendix Index page
Please note: The Standard Operating Procedure’s (SOP’s) within the FPM Appendices are in the process of be-
ingtransferred to the “Documents” section of the Hydroforum and the SOP’s will reside in both places for the

remainder of the 2014 field season.

Appendix 1 No changes for the 2014 version.

Appendix 2 Added the following reference documents:
Example of LNM Survey Announcement
Fishing Gear OGC Legal Opinion Memo
Lobstermen’s Association Letter Example
Fishing Gear Interaction Reimbursement Letter Eample

Appendix 3 No changes for the 2014 version.
Appendix 4 Added SSS Contacts to SCSYMB_SOP reference document
Appendix 5 No changes for the 2014 version.
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Chapter Appendices
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Chapter 1
Systems Preparation & Maintenance

NOAA’s Office of Coast Survey (OCS) uses a wide array of systems, tools, and procedures to perform modern
hydrographic surveys. Due to the variety of equipment and highly technological nature of operations, a consistent,
well-documented program of systems preparation and maintenance is essential to ensure that NOA A’s hydrographic
field units are capable of producing data that will meet OCS specifications. These procedures can be broken down
into two categories: Annual Systems Preparation and Periodic Quality Assurance.

1.1 Annual Systems Preparation

Each field unit shall schedule an adequate period of time for Annual Systems Preparation, typically during
winter inport for ships, in which survey systems will undergo annual calibration, maintenance, and verification
procedures as defined in this chapter. These procedures should also be performed following any significant period
of inactivity and after major changes or upgrades to a field unit’s hydrographic systems. Unless specifically stated
otherwise or assistance is arranged from another NOAA office, Systems Preparation should be conducted and
documented by field unit personnel.

As a final step in Annual Systems Preparation, prior to the start of survey data acquisition, each field unit shall
perform a Hydrographic Systems Readiness Review as described in section . This process is simply a formal
review of each hydrographic field unit’s Annual Systems Preparation.

1.1.1 Hydrographic Systems Readiness Review

The primary purpose of the Hydrographic Systems Readiness Review (HSRR) is to officially document and
inform OCS senior-level management of a field unit’s level of readiness to perform hydrographic surveys that will
meet OCS specifications. This procedure also affords field units the opportunity to identify any deficiencies that
will prevent optimal performance and production throughout the field season. These deficiencies may include such
items as damaged or unreliable equipment, unmet training needs, and personnel shortages. Formally documenting
field unit requirements will better prepare OCS to provide support and meet the needs of NOAA’s hydrographic
fleet. The Hydrographic Systems Readiness Review process can be broken down into four basic steps outlined
below.

1. Hydrographic Systems Review Team Organization. A Hydrographic Systems Review Team shall be organized
for each NOAA hydrographic field unit. This team shall consist of an assigned OCS Representative, typically
a hydrographer from either the Atlantic Hydrographic Branch (AHB) or the Pacific Hydrographic Branch
(PHB), the regional Hydrographic Systems and Technology Program (HSTP) Field Support Liaison, and the
field unit’s Field Operations Officer (FOO) or equivalent.

2. Hydrographic Systems Review. The Hydrographic Systems Review Team shall examine both physical
survey systems and documentation for Annual Systems Preparation requirements outlined in this chapter.
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3.

After completion of the review, this team shall brief the Chief-of-Party on the level of field unit readiness
determined,any deficiencies identified, and any recommendations that could increase the unit’s data quality or
general survey efficiency.

Hydrographic Systems Readiness Review Memo. Within ten working days of commencing survey operations,
the Chief-of-Party shall notify OCS of the field unit’s hydrographic systems status and level of readiness
to complete its assigned OCS hydrographic survey mission. This notication shall be an email submission
consisting of a digitally signed Hydrographic Systems Readiness Review Memo (see Appendix 1) that lists
system deficiencies identified during the Hydrographic Systems Review and a plan to address each problem.
Any modications or restrictions in operations that will be necessary in the interim must also be identified.This
digitally signed memo should be sent to ocs.hsrr@noaa.gov. Files shall be named using the following format
<UNITNAME HSRR MMDDYYYY.pdf>. For additional HSRR memos, add Adendum or Amendment
<UNITNAME HSRR Adenduml MMDDYYYY.pdf>. This digitally signed memo should be sent to ocs.
hsrr@noaa.gov. The following people receive e-mail sent to ocs.hsrr@noaa.gov:

(a) Chief and Deputy Chief, Hydrographic Surveys Division (HSD)

(b) Chief and Deputy Chief, Navigation Services Division (NSD)

(¢) Chief, Hydrographic Systems and Technology Program (HSTP)

(d) Chief, Atlantic Hydrographic Branch (AHB)

(e) Chief, Pacific Hydrographic Branch (PHB)

(f) Chief, HSD Operations Branch

(g) Chief, NSD Navigation Response Branch (NRB)

Hydrographic Systems Readiness Acknowledgment. Within ten working days of receiving the Hydrographic
Systems Readiness Review Memo, the Chief of HSD or Chief of NSD shall formally acknowledge receipt via
digital memorandum to the field unit’s Chief-of-Party with a copy to ocs.hsrr@noaa.gov. This memorandum
of acknowledgment shall also state OCS acceptance, qualified acceptance, or rejection of the field unit’s

hydrographic systems readiness. If systems readiness is partially accepted or rejected, the memorandum shall
list any specific actions required by OCS for the field unit to meet data quality standards.

1.2 Periodic Quality Assurance

Periodic Quality Assurance refers to any additional procedures required by OCS to maintain or verify continued
data quality between annual Hydrographic Systems Reviews. These procedures vary by equipment type and are
generally performed on a scheduled basis throughout a unit’s field season. Specific requirements are organize by
system type and defined in this chapter.

1.3 Basic Methods and Documentation

To effectively manage a field unit’s hydrographic systems, a comprehensive inventory must first be completed,
and then continually maintained. A standard format for a Hydrographic Systems Inventory has been implemented
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by OCS, as described in section . OCS has further established a standardized hydrographic system database,
HiBase, which may be utilized for recording this inventory as described in section 1.3.2. HiBase is intended to
serve as a centralized database that retains and archives all vessels and hydrographic hardware and software used
fleet-wide.

The Hydrographic Systems Inventory is a critical element of systems documentation for both Annual Systems
Preparation and changes occurring throughout a unit’s field season. Preparation and maintenance requirements will
vary, typically by survey system category and type. While Periodic Quality Assurance procedures are relatively
easy to manage, the sheer quantity and variety of tasks to be completed during AnnualSystems Preparation can
be daunting. OCS-recommended methods for meeting both Annual Systems Preparation and Periodic Quality
Assurance requirements for standard hydrographic survey systems are described in detail in sections of this
document. However, unless stated that the field unit shall or must follow a specific procedure, these methods are
not mandatory. Field units are encouraged to develop more efficient and/or accurate methods in consultation with
HSD and HSTP personnel. Note: Any new procedures used must be documented with sufficient detail for the
process to be recreated. Systems documentation shall meet the minimum guidelines set forth in this chapter and
use digital reporting formats supplied in Appendix 1. Each of the forms provided in Appendix 1 has been designed
to include essential information. The bulk of systems documentation is to be maintained by the field unit and made
available for review during Hydrographic Systems Reviews and at the request of OCS. Documentation designed
for continual maintenance, such as the Hydrographic Systems Inventory spreadsheet, should be used to capture
changes that occur throughout a field season.

1.3.1 Hydrographic Systems Inventory

Each field unit shall complete and maintain a digital Hydrographic Systems Inventory addressing the four systems
categories described below. This information shall be recorded using the format provided below.

* Vessels - Include all vessels to be used for hydrographic data acquisition. For new vessels or platform types
not commonly used in OCS hydrography, additional descriptive information with diagrams and/or picture
should be included

» Hardware Systems - Include all hardware systems to be used to acquire hydrographic survey data.

» Software Systems - Include all software to be used to acquire or manipulate hydrographic survey data.

» Personnel Roster - Include all personnel within the field unit who will be actively involved in survey operations.

As this inventory will typically change over the course of the field season or surveying period, the Hydrographic

Systems Inventory shall be updated as changes occur and submitted as Appendix I of the Data Acquisition and

Processing Report (DAPR) for each project.

1.3.2 HiBase (Hydrographic Inventory Database)

Field units may opt to use HiBase, a standardized hydrographic inventory database developed by the Coast Survey

Development Laboratory (CSDL), for recording and maintaining their Vessel, Hardware Systems and Software

h

Systems inventories per section . Field personnel may register for a HiBase user account at
https://hibase.noaa.goy.
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1.4 Vessels

Vessels are the most fundamental systems in hydrography. Accurate measurement of the dimensions and dynamic
parameters of these platforms is essential to obtain high quality survey data. Vessel “calibration” consists of
measuring, and estimating error for, static parameters such as the physical positions of instruments and equipment
on a vessel, as well as dynamic parameters such as waterline and dynamic draft. Measurement, verification, and
documentation of static parameters are addressed in section . Dynamic parameters are discussed in section

a2 |

1.4.1 Vessel Static Offsets

Static offsets of a vessel and its instrumentation are measured for the purpose of establishing a local referenceframe
to which all soundings and positions will be tied. Thus, errors in these measurements will directly translate to
errors in survey data acquired by that vessel. Because much of the equipment installed on vessels remains fixed
from year to year, it may not be necessary to perform a full survey of every platform during Annual Systems
Preparation.

If the results of a previous survey are available and well documented, and the vessel’s configuration has not
changed, simply verifying the existing values should be sufficient. Even when instrumentation has been moved,
if the reference frame is based on a network of benchmarks independent of the movable equipment, it may be
possible to reposition instruments within the fixed network rather than resurvey the entire vessel. This procedure
will result in a significant savings of time and effort, but it is imperative that the original survey be completely and
accurately documented to be effective.

The following items shall be positioned as part of any static offset survey conducted for a NOAA hydrographic
survey platform:

* Permanent benchmarks - Benchmarks shall be sufficient in number and position to maintain the vessel
reference frame if instrumentation is disturbed.

* Sonar transducers - All vertical beam echosounders, multibeam echosounders, and hull mounted side scan
sonars that may be used to acquire hydrographic survey data shall be positioned. Transducers mounted on
poles, levers, or other movable mounts should be surveyed in their fully deployed position. Offsets shall be
measured to the transducer’s phase center, or the origin of the sonar’s local reference frame. OCS recommends
also documenting measurements to a nearby permanent mounting point, for reference if the sonar head must
be removed or replaced. Consult the corresponding manufacturer’s documentation for further guidance on the
location of transducer phase centers.

* GPS antennae - All survey system GPS antennas shall be positioned. This includes any GPS antennas that are
integrated with differential beacon receivers and typically only used for differential corrections but could pote
tially be used to acquire complete survey position data. Antennas capable of receiving differential correctors
only do not need to be surveyed. Offsets shall be measured to the phase center of each antenna, a point
which may be located inside the antenna’s housing. Consult the corresponding manufacturer’s documentation
to determine the phase center location of a specific antenna type. OCS recommends also documenting
measurements to the permanent mounting post for reference if the antenna must be removed or replaced.

* Inertial Measurement Unit (IMU) - For all vessels equipped with a POS/MV system, measurements shall
be made to the origin of the POS/MV IMU’s local reference frame. The manufacturer’s documentation will
define the IMU’s local reference frame and identify its origin.
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» Reference Point (RP) - A RP shall be established and positioned for each vessel. This point will define the origin
of the local vessel reference frame to which all survey data will be tied. Note: OCS strongly recommends that
a vessel’s RP be established at the vessel’s approximate center of motion (as defined below) and coincident
with the origin of the IMU’s local reference frame on vessels equipped with a POS/MV system. By collocating
these three points, the number of physical offset measurements required will be reduced, thus minimizing
sources of error in position and attitude data.

* Center of Motion (CM) - A CM shall be defined and positioned for each vessel. Establish this point at an
approximate location at which the vessel’s roll, pitch, and yaw axes intersect during static conditions and
average loading. The location of a vessel’s true center of motion will vary based on a combination of hull
shape, loading conditions, and vessel speed; thus it is a dynamic point. However, a fairly accurate estimation
can be made using the vessel’s plans and empirical observation. Field units should contact NOAA’s Marine
Engineering Division (MED) for assistance when defining a vessel’s CM.

» Towpoint - If the vessel is equipped to perform towed sonar operations, the towpoint shall be positioned. The
position of the towpoint is defined as the last point of contact between the tow cable and the vessel, typically
the top of a sheave over which the tow cable is led. If the sonar is towed from a movable point (J-arm,
A-frame, etc.), it shall be in its fully deployed position for this measurement.

1.4.1.1 Vessel Measurement Requirements & Methods

Vessel measurement procedures vary depending on whether the intent is to complete a full survey of a vessel,
conduct a partial survey to position new or disturbed instrumentation within an existing reference frame, or
simply verify existing offsets when no known changes have occurred. The requirements and methods for each of
these scenarios are described below.

1.4.1.1.1 Full Survey

A full survey of a hydrographic vessel is required when no prior survey exists or under any circumstances where
all previous surveys are determined to be unusable. Full vessel surveys should be conducted by National Geodetic
Survey (NGS) personnel or a professional geodetic surveyor. Full vessel surveys can be both time consuming and
expensive; thus, proper documentation is important to preserve the value of this work.

Examples of conditions that would require full surveys include, but are not limited to, the following:

» Avessel is new or will be engaged in hydrography for the first time.

» Significant modifications have been made to the vessel since the last full survey.

» New equipment is installed or existing equipment is repositioned, and the items cannot be accurately referenced
to benchmarks from a prior survey.

» New technology or techniques become available that would significantly increase the accuracy of offset
measurements or error estimates for the vessel.

*  Complete documentation of the previous survey, including offset values, error estimates, and procedure
descriptions, is not available.
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» The hydrographer discovers blunders or unexplained discrepancies when verifying the results of a previous

offset survey. See section |1.4.1.1.3|.

» The vessel is involved in an incident, such as a grounding, that has altered the positions of benchmarks
and instrumentation, affecting the validity of the previous survey.The goal of a full survey is to establish a
completely new three dimensional local vessel reference frame that is independent of any prior vessel surveys
conducted. Information from existing surveys shall not be incorporatedinto any full survey.

General Considerations for Full Surveys

Accuracy Requirements - OCS has not defined specific numerical values for required offset measurement accuracy.
However, errors introduced in the offset measurement process will be combined with errors from other sources to
produce a final Total Propagated Uncertainty (TPU) for each sounding. Measurement errors must be accurately
estimated and small enough for vessel data to meet OCS survey specifications. More accurate vessel surveys will
leave additional room in the error budget for other sources of error, which may allow the hydrographer to retain
more data or operate under more adverse conditions than would be possible with a low accuracy survey. Note:
Some integrated position and attitude sensors in use on NOAA platforms, such as the Applanix POS M/V, do
have specific accuracy requirements for offset measurements between system components during installation.
Hydrographers should review the manufacturer’s documentation for any system-specific requirements.

Benchmarks - Benchmarks are permanent, known positions on the vessel used to identify the established local
reference frame. They may be either existing points, such as antenna posts or well defined features of the vessel,
or monuments specifically created or installed for the purpose of the survey. Examples of monuments are punch
marks, scribe marks, or survey disks. Hydrographers shall avoid establishing vessel reference frames that utilize
impermanent features of the vessel as benchmarks. The following two factors should be considered when
selecting or installing benchmarks: (1) Permanence - Benchmarks should be permanent features fixed to the
vessel’s hull or superstructure. Instruments are typically not appropriate benchmarks because of their potential to
be moved. If points such as sensors, antennae, or transducers are used as benchmarks, the reference frame maybe
invalidated if the equipment is removed, replaced, or relocated. (2) Accessibility and Location - Benchmarks
should be established in locations that are protected, but can be readily accessed for future surveys. OCS strongly
recommends establishing benchmarks near hydrographic instruments such as sonar heads and antennae. Doing so
will allow sensors to be accurately reintegrated into the network if they are moved. Since these benchmarks are
used to establish a three dimensional reference frame on the vessel, three benchmarks should be readily accessible
from each instrument location to accurately position sensors, regardless of vessel attitude.

Selection of a Reference Point - Every benchmark network must have a defined origin (i.e., a reference point)
for the local reference frame. OCS recommends locating this point at the vessel’s approximate center of motion
during static conditions and average loading, as discussed in section rror Estimation - Accurate error
estimates for a vessel survey are as important as the offset measurements themselves. While specific sources of
error are inherent to each method of survey (see Surveying Methods below), the following common factors affect
the accuracy of all vessel offset surveys.

Setups - This term refers to the number of individual measurements required to compute the relative position
of two benchmarks, literally the number of times the surveyor’s instruments must be set up to complete the
measurement. Multiple setup measurements use intermediate points as temporary benchmarks between the two
desired points. Physically positioning the measurement instrument on or over a benchmark or other reference
point is a possible source of error, so multiple setups can increase the measurement error between two points.
Hydrographers should attempt to minimize the number of setups required between benchmarks and record the
number of setups for each leg of the survey.
6



Redundancy - 1f possible, the hydrographer should arrange the survey such that no benchmark is tied to the
rest of the network by only one measurement. Ideally, each benchmark should be tied directly to multiple other
benchmarks. In cases where vessel layout makes this impractical, multiple measurements along the same leg
maybe useful. These additional data can be used to improve the accuracy of positions generated by the survey.
While redundant positions can simply be averaged, a more accurate method of determining a final value is to
combine measurements using a least squares algorithm.

Total Error - When estimating the total error for one leg of a vessel offset survey, individual measurement errors
are combined using a “root sum squared” method, rather than simple addition. For example, in the case of a two
setup measurement, the final error estimate for the leg would be computed as follows:

where 0 is the standard deviation of the total measurement, 61 is the standard deviation of the measurement from
the first benchmark to the temporary benchmark, and 62 is the standard deviation of the measurement from the
temporary benchmark to the second benchmark.

Vessel Leveling - Although it is possible to establish a vessel reference frame that is not aligned with the vessel
itself, this adds an element of complication and potential error that is best avoided. The vessel surveying process
is much simpler if the vessel is removed from the water and leveled relative to the earth. For ships, this may not
be possible, but launches can generally be accommodated using trailers or jack stands. If a ship is to be surveyed
during a dry dock period, measurements must be corrected for the slope of the vessel on the marine railway.
This angle can be determined by referencing marine growth along the ship’s waterline prior to pressure washing.
Subsequent offset measurements will need to be corrected for the determined angle of inclination.

Surveying Methods
For the purposes of this manual, offset measurement techniques are broken into the following two categories:

“Traditional” Methods - these methods refer to conducting a vessel offset survey using tools such as steel
measuring tapes, T-squares, plumb bobs, and laser or carpenter’s levels. While these instruments can yield very
exact measurements, particularly on small vessels such as launches, this technique relies on the assumption that
the vessel is level and true. With this method, the surveyor uses the existing planes and axes of the vessel’s
construction, such as the deck, door frames, and keel lines, to establish the local reference frame. Not only can
significant error be introduced if the vessel is not actually level and true, it can also be more difficult to estimate
error using traditional methods. OCS recommends using advanced survey methods if equipment and expertise
are available.

“Advanced” Methods - these methods employ precision survey equipment such as theodolites, laser range
finders, total stations, and optical levels. One advantage of using these optical techniques is that measurements are
independent of the vessel’s attitude and alignment. Since the surveying instrument can be positioned anywhere
convenient, measurements between benchmarks can often be accomplished with a single setup, thereby minimizing
error. Detailed procedures for conducting vessel surveys using advanced methods have not been established by
OCS. Field units desiring a full vessel survey using advanced methods should consult the regional HSTP Field
Support Liaison before proceeding. Assistance using these techniques may also be available through the National
Geodetic Survey (NGS) Geodetic Services Division.
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1.4.1.1.2 Partial Survey

A partial vessel survey shall be conducted if minor changes have been made to the vessel configuration, but the
most recent full survey has not been rendered obsolete. Partial surveys are typically appropriate when equipment
is removed and replaced or repositioned on a vessel without disturbing the network of permanent benchmarks.
In such cases, the new position of the instrument can be determined by surveying its position relative to the
undisturbed benchmarks. The original survey shall then be updated and would remain valid Partial surveys are
significantly less time consuming than full surveys, but are only valid if benchmarks installed as part of the
original survey remain undisturbed. When in doubt as to whether a new full survey is necessary or a partial survey
is sufficient, field units shall complete a full survey of the vessel.

Partial surveys are basically identical to full surveys, but on a much smaller scale. The same rules and considerations
described for full surveys apply to partial surveys. Since measurements are typically made over short distances
and require few setups (assuming benchmarks have been installed near instrumentation as recommended), good
accuracy can often be achieved with traditional survey methods. However, advanced methods may provide a more
accurate estimate for measurement error.

1.4.1.1.3 Verification Survey

Verification surveys are conducted to check the validity of pre-existing full (or combination of full and partial)
surveys when no changes to the vessel’s configuration have occurred. This is the minimum survey required
as part of Annual Systems Preparation and, as such, shall be conducted at least annually. The purposes of a
verification survey are to review the offsets, error estimates, and documentation of the prior survey, and to check
for measurement blunders, vector algebra mistakes, sign errors, etc.

Verification surveys can be viewed as a “sanity check” of the existing survey data and may be conducted using
traditional methods. Typical procedures consist of pulling steel tape between benchmarks to verify the offset values
and rechecking the vector algebra to confirm established values. Error estimates in the original documentation
shall be reviewed for consistency and suitability for the vessel’s current mission. Any discrepancies discovered
during a verification survey may trigger a partial survey or a new full survey of the vessel.

1.4.1.2 Periodic Quality Assurance Checks

Periodic quality assurance checks are simply Verification Surveys, or portions thereof, performed at the discretion
of the field unit. This type of check would be used if the vessel was involved in an incident, such as a grounding,
that might have altered the positions of benchmarks and instrumentation, affecting the validity of the annual
survey. If changes are found, a partial survey or new full survey of the vessel may be necessary.

1.4.1.3 Documentation & Reporting Requirements

The documentation required for vessel static offset surveys varies with the extent of the survey conducted.
Documentation, as defined below, for static offset surveys shall be maintained by the field unit and available
for review during Hydrographic Systems Reviews and at the request of OCS. Copies of documentation for
all full and partial surveys shall be transmitted to HSTP. The dates, basic methodology used, and responsible
professional survey agency (if applicable) for vessel static offset surveys shall be entered in the Hydrographic
Systems Inventory. Any interim survey performed as a quality assurance check shall be described in the DAPR
for all associated projects.
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1.4.1.3.1 Full and Partial Surveys
Documentation for full and partial vessel offset surveys shall include the following:

* A full description of the equipment and technique employed, including diagrams showing the positions of
setups and any pertinent technical data available for the instruments used for the survey. The survey location
and description of how the vessel was leveled and immobilized, if applicable, should also be provided.

* Pictures and/or diagrams showing the general arrangement of the surveyed vessel and identifying the positions
of benchmarks and instruments.

* An error analysis describing how the error values for each measurement were determined.

* Raw measurement data and a table of final results (including error estimates). A reviewer should be able to
easily reconstruct the steps of data reduction from the information provided.

* A copy of Vessel Reports, generated in CARIS HIPS and SIPS Vessel Editor, for each resulting CARIS HIPS
Vessel File (HVF).

1.4.1.3.2 Verification Surveys

Documentation for verification of an existing full (or combination of full and partial) vessel offset survey shall
include the following:

» A simple description of the equipment and techniques used for measurements.
» Areference to the full survey or combination of full and partial surveys that were verified.

» Acopy of Vessel Reports, generated in CARIS HIPS and SIPS Vessel Editor, for each HVF which will remain
in effect.

* Notation of any discrepancies discovered in the prior survey(s) and how these items were resolved.

1.4.2 Vessel Dynamic Offsets

Dynamic offsets are those parameters of a vessel that are expected to change over relatively short time periods. The
primary dynamic offset is vessel draft. A hydrographic survey vessel’s draft and, therefore, the vertical position of
the sonar transducer within the water column is affected by many factors, including the vessel’s loading, weight
distribution, and speed through the water. When addressed as one vessel characteristic, these effects are referred
to as “Dynamic Draft.” Dynamic draft is the sum of “Static Draft” and “Settlement and Squat”.

Static draft is the draft of the vessel at rest, fully loaded and outfitted for surveying. This value can be affected by
the amount of equipment, fuel, personnel, and other gear loaded on the vessel, and is also a function of the density
of the water in which the vessel is operating.

“Settlement” is the purely vertical component of this vessel characteristic and is measured at the vessel’s

approximate center of motion. Although this vertical displacement is in the same direction as heave, settlement is

usually filtered out of recorded heave data because its frequency is much lower than the cutoff frequency of high
9



pass filters typically associated with heave measurement devices. As a result, settlement must be measured and
corrected for independently of heave action.

”Squat” refers to the tendency of a vessel’s stern to sink into the water as speed increases while operating in
displacement mode (i.e., not on a plane). Squat typically results in a bow-up attitude, although a reverse effect may
actually take place at higher speeds for some hull designs. Since echosounders are generally not mounted directly
at a vessel’s center of motion, squat acts on a lever arm from the center of motion to the echosounder, causing a
vertical displacement of the transducer. On vessels equipped with attitude sensors, this effect is addressed as a
part of attitude measurements and corrections. For vessels without attitude sensors, squat must be measured and
corrected for as a part of dynamic draft.

1.4.2.1 Calibration Requirements and Methods
1.4.2.1.1 Static Draft

As part of Annual Systems Preparation, static draft shall be measured across the anticipated range of loading and
buoyancy conditions. At a minimum, field units should track changes in static draft for a sufficient period of time
to develop a statistically significant sample of values from which an error estimate can be produced. Depending
on these results and the requirements of the survey, the frequency of draft measurements and updates of the HVF
necessary during survey operations will vary. On some vessels, it may be necessary to measure static draft as often
as twice a day, while annual measurements may be sufficient for others.

Factors influencing the frequency of static draft measurement include the following:

* Survey Accuracy Required - If the error associated with static draft measurement is determined to be acceptable
for meeting survey accuracy requirements, a single static draft value may be sufficient. This value should be
the mean of multiple observations taken over a wide range of loading and buoyancy conditions for the vessel.
If survey accuracy requirements increase, more frequent static draft measurements may be necessary.

» Loading Conditions - Vessels with a wide range of loading configurations will require more frequent static
draft measurements than vessels with minimal loading changes. For example, many NOAA ships conduct
survey operations both with and without launches in the davits, which can create a significant difference in
vessel draft. Likewise, a hydrographic survey launch’s static draft may vary noticeably with the amount of
fuel loaded and the number of personnel embarked.

* Buoyancy - A vessel’s static draft will vary with the density of the water in which it floats. If the vessel will
be operating in waters with a wide range of densities (most strongly influenced by salinity), more frequent
observation of static draft may be necessary. Additionally, water density may change significantly with project
area, making static draft determined at one location inappropriate for survey operations in another area.

1.4.2.1.1.1 Static Draft Measurement Techniques

The technique chosen to measure static draft may be influenced by the anticipated frequency of measurement

required. Examples of measurement techniques include the following: Draft Marks on Hull - During the static

offset measurement survey (see section ) the vessel’s hull can be marked with vertical elevation differences

from the Vessel Reference Point. If this method is used, the hull should be marked on both the port and starboard

sides, in the athwartships plane of the Vessel Reference Point. Static draft is then determined by averaging the port

and starboard readings. Sight Tube - A more precise method for measuring static draft is a clear plastic or glass
10



sight tube installed in the interior of the vessel. This method can be particularly useful on hydrographic survey
launches. The lower end of the tube is connected to a through-hull fitting below the waterline (with a valve at the
hull), and the top is either connected to a through-hull above the waterline or extends sufficiently high enough
above the waterline to prevent flooding. The clear portion of the sight tube, where measurements will be read,
should be installed directly over (or as close as possible to) the vessel RP and graduated for direct measurement of
the waterline offset from the reference point. Note: The static draft information is to be placed in the *waterline’
entry in the CARIS HVF.

1.4.2.1.2 Dynamic Draft

At a minimum, dynamic draft shall be measured during Annual Systems Preparation. Although dynamic draft is
a function of both hull shape and weight distribution, the influence of weight distribution is typically negligible.
Thus, dynamic draft can be measured annually with the vessel in an average loading configuration, and the
results combined with a range of static draft measurements for a final dynamic draft determination. Vessels with
ancillary trim capabilities (e.g., trim tabs, jet drives, and outboard motors) should establish operating procedures
to standardize vessel trim during survey operations.

1.4.2.1.2.1 Dynamic Draft Measurement Techniques

Settlement and squat are actually two separate parameters, but they can be easily measured together. If possible,
this measurement should be accomplished in a body of water at least 7 times the vessel draft, where water level
,current effects, and wave conditions will be minimal for the period of the calibration. There are three common
methods of determining dynamic draft values. Each method is described below.

Optical Level

This technique uses an optical level to site the height of the vessel moving at different speeds through the water,
relative to a fixed position ashore. The basic procedures are as follows:

* Set Up - Set up an optical level on shore near a channel or fairway where the vessel will be free to maneuver.
The closer the level station is to where the vessel will traverse, the more accurate the readings will be. A pier
is a valid location for the level station, but the pier must be a stable structure that does not exhibit significant
movement over time. Level rods should be positioned on the port and starboard sides of the vessel. If the vessel
to be calibrated is equipped with an attitude sensor, the level rods should be positioned in the athwartships
plane of the vessel’s approximate center of motion so that only settlement is measured (squat will be measured
and corrected in conjunction with vessel attitude). If the vessel does not have an attitude sensor, the level rods
should be located in the athwartships plane of the sonar transducer, which will combine squat effects in the
measurement.

» Data Acquisition - Run the vessel in opposing directions (either perpendicular to or parallel with the level
station line of sight) at various speeds, ranging from dead slow ahead to slightly faster than the maximum
anticipated survey speed. On each run, the vessel must be allowed sufficient time to stabilize in attitude and
speed prior to the measurement point. For each speed, a rod measurement should be taken on each side of
the vessel. The port and starboard values for each speed are averaged to cancel the effect of any current or
vessel list. Before and after each pair of runs, the elevation values for the vessel at rest should be measured
in order to correct for any change in water levels over the course of the test. The data should be recorded in
tabular format, with the final dynamic draft value for each speed being the difference between the average at
rest readings (before and after each pair of runs) and the average of the port and starboard underway readings.
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Post-Processed Kinematic (PPK) GPS

*Note: The technique and analysis use depends greatly on the vessel and the area in which you are working. If
you have any questions, contact your HSTP representative before proceeding.

This technique uses the vessel’s POS/MV system and POSPac data acquisition and processing to measure vessel
ellipsoid heights at speeds relevant to survey operations. A polynomial regression of the changes in height is used
to formulate a dynamic draft table with associated uncertainties. The Pydro macro ProcSBETDynamicDraft.
py may be used for the dynamic draft table data analysis. This macro reads POSPac Smoothed Best Estimate
Trajectory (SBET) dynamic draft calibration data, (optionally) adjusts for tidal water levels, and outputs graphs
and tables per a 3rd or 4th-order polynomial regression. The basic procedures are as follows:

*  Assumptions

» Ifthe dynamic draft calibration test is performed in a tidally-active area, plan on performing the data
analysis using the Pydro macro ProcSBETDynamicDraft.py (see below). This macro includes the ability
to compensate for both discrete-zoned and TCARI water levels. Other data analysis may be used at the
discretion of the field unit. A spreadsheet analysis may be used, particularly in areas with negligible
tides, or during a time when water level changes due to tide will be negligible.

*  Wave conditions need to be minimal as with all dynamic draft measurements.

» Itis also assumed that the ellipsoid is relatively parallel to the water level over the area of this test.
Time periods of static vessel heights at the end of each line will help to confirm this assumption. If
there is evidence to the contrary once data has been acquired, another area may need to be selecte
or another technique may need to be used for dynamic draft measurements.

Data Acquisition - Select an area where the water depth is sufficient to remove the strong effects of squat due to
shallow water. The area should be large enough that you can acquire data between 2-5 minutes at speed, enough
time to allow the vessel to settle out at speed. Start acquiring POSPac data at least 5 minutes before beginning
the test. While consecutive changes in speed can be used, a one to two minute “rest period” between each speed
change is recommended to capture offsets due to tides, currents or geoid shape. An adequate rest period length
is a function of the hydrodynamic characteristics of the particular vessel; i.e., how long it takes for the given
vessel to stablize to “static” conditions. Run lines in opposing directions taking into account current magnitudes
and directions; data sampling should be balanced between lines progressing with and stemming the current.
It is important to acquire lines at regular speed intervals over a range that is relevant to the multibeam survey
work of the vessel;e.g., from barely maintaining steerage through 10+ knots, at an interval of 2 knots. Do NOT
stop recording POSPac between lines; PPK processing performs best using uninterupted sessions of GPS data.
Record the order in which you ran the speeds and what direction you went between each of the rest periods.
A complete written record of the dynamic draft calibration fieldwork may prove invaluable in troubleshooting
peculiar looking results later.
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» Data Processing - Data is processed in Applanix’s POSPac software through either a SmartBase solution
or a SingleBase solution. POSPac data can be processed referencing the rapid ephemeris solutions. Final
ephemeris data can take up to 2 weeks to become available, and does not signifigantly change the calculated
values. The data are processed through the GNSS-Inertial Processor in the Forwards, Backwards and Combine
mode with the Roll, Pitch and Heading Initialization set to Initialize from the real time solution and the Lever
Arm Standard Deviation ideally known to 3cm or better (The lever arm standard deviation should be set based
on how well you actually know your lever arms). SBETs may be decimated to 1Hz to alleviate the processing
load in Data Analysis, without any detrimental effects. Control station auto-adjust should never be used for
processing SBETs.

» Data Analysis - A time series of both speed and ellipsoid heights, as well as a plot of speed versus ellipsoid
heights should be examined to ensure data quality and to look for offsets. A polynomial least squares fit
regression on speed versus ellipsoid height is completed with user preferred software. A minimum of a third
order regression should be used. A comparison between the regression and the plotted data should be completed
both through a raw plot with regression curve and through the ellipsoid height minus regression residuals.
Changes in the ellipsoid height not captured by the curve should be noted and changes to the regression
process may be needed. Take special care to note the zero speed crossing, as it can result in vertical offsets in
the dynamic draft table. Careful examination here cannot be emphasized enough.

Once a satisfactory curve is obtained, a dynamic draft table can be created between regular speed increments and
the corresponding height from the regression equation subtracting the zero speed ellipsoid height constant. Since
the table for CARIS HIPS is a correction file, increases in draft with speed result in positive values in the HIPS
table. Uncertainty in the dynamic draft table is obtained by calculating two standard deviations of the residual
data to regression difference. If uncertainty for each speed is desired the residuals can be binned by speed and the
standard deviation calculated for each bin. Care should be taken that sufficient data exists in each bin.

As mentioned previously, all of the required data analysis, from SBET to dynamic draft table-including tide
compensation, can be achieved via the Pydro macro ProcSBETDynamicDraft.py. Complete details about using
this macro may be found in the Ellipsoidally Referenced Survey SOP.pdf in Appendix 4.

Real-Time Kinematic (RTK) GPS

Procedures are currently being developed for a real-time kinematic GPS determination of dynamic draft. These
methods have not yet been approved by OCS and shall not be used for Annual Systems Preparation.

Echosounder

This technique uses a vessel’s MBES system to determine dynamic draft. A detailed procedure
is described below.

» Data Acquisition -Data should be acquired in an area with a flat seafloor and relatively shallow water. Water
depth should also be at least seven times the vessel draft to reduce attitude bias. The geographical location
should be as close as possible to a water level station. If the survey time is planned to minimize currents,
adequate data can typically be acquired by running in one common direction for all vessel speeds. If currents
are significant, it will be necessary to acquire data in opposing directions for each speed and average thetwo
values. As with the optical level method, vessel attitude and speed must be stable while acquiring data.

» Line Acquisition -Plan a survey line approximately 1000 meters in length. Establish a center reference point
for three approximately 20m2 reference areas located at distances of %4, 2, and % along the line as shown in
Figure 1.1. Acquire data along the line at various RPM intervals, ranging from the minimum to the maximum
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speed anticipated for survey operations. Minimize across-track error during line navigation and establish a
constant speed and heading prior to logging data. Monitor and minimize induced heave during data acquisition.
Run the line in coincidental directions for redundancy. To minimize induced heave, allow time for the IMU to
stabilize before reacquiring data.

Reference areas, 20m on a side

F 3

T ¥ Ya |

Figure 1.1: Recommended line plan for determining dynamic draft using a vessel’s echosounder.

Reference Area Acquisition - At each reference area, acquire data along the line at the lowest speed possible
while maintaining heading and stable attitude to create a baseline with negligible dynamic draft. It is
recommended that reference area data be acquired both before and after line acquisition to bracket and evaluate
any significant water level variation. Compare these zero or at-rest settlement and squat measurements with
each of the at-speed measurements to determine offsets caused by speed variation. If the seafloor is not flat,
several passes may be required at each reference area to create an accurate reference surface. Conduct a sound
velocity cast near the center reference point. The reference area acquisition is considered the "At rest" depth
and should be the baseline to which you compare the depths acquired at speed.

If there is concern for induced draft while moving over the targets, an alternative reference surface calculation
can be made utilizing Drift Line Measurement: If the reference or drift line is run perpendicular to the analysis
line it will produce a swath sufficient enough for data acquisition. If you are conducting this dynamic draft test
on a vessel with a 1.5 meter draft your test should be performed in at least 10.5 meters (35 feet) of water. At
that water depth the average swath width would be 36.75 meters (122.5 feet).

Processing Soundings - If the echosounder system used for data acquisition performs real-time heave filtering,
convert the data without applying true heave. Long-period heave will bias dynamic draft calculations. Random,
short-period heave should cancel out during statistical averaging of reference surface depths. Filter soundings
to reject all but those with the highest data quality flag.

» A surface should contain only the drift line or reference area lines.

» Separate surfaces should be made at each rpm interval (i.e. if lines were run at 600, 800, and 1000 rpm,
create a grid for each of the 600, 800, and 1000 rpm drift lines).

Sample all line surfaces and the reference surface soundings using an approximately 3 m x 20 m subset area
at each of the three reference areas. Minimally clean subsets for gross fliers and noise. Select and query all
soundings from each subset dataset and save each CARIS query window as a text file. This can be done by
simply copying and pasting directly into a MS Excel spreadsheet. Import these text files into MS Excel as tab-
delimited records. Sort these Excel data by line ID and calculate the median surface depth (use =MEDIAN
(c#:c#) ) for each speed level at each reference area. Typical sample populations should be between 3,000 —
5,000 soundings (use =COUNTA (c#:c#) to check).
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» The reference surface should be sampled first to be used as the control in the data analysis.
» Coincidental lines should be sampled together in the same surface.

*  Navigation/Speed - Using the CARIS Navigation Editor, query position fixes for individual lines within each
reference area subset. Save each query as a text file and import these data into Excel as tab-delimited records.
Calculate the average speed for each RPM in each of the reference areas (use =average (c#:c#).

» Offset Tables - For each reference area, subtract the median reference area depth from median depths for
each RPM/speed interval to calculate relative dynamic draft offsets. Plot Speed vs. Offset for each of the
3 reference areas to evaluate data consistency. Average data from the Y4, 2 and % point reference areas to
calculate final dynamic draft values.

» Error Analysis -The standard deviation of each speed correction should be calculated by comparing the values
derived from each surface area. The largest standard deviation value should be entered into the vessel’s HVF
for dynamic draft error. Note that in CARIS, the squat and settlement is entered in as “delta draft” or the
positive change in draft as the draft increases and negative as the draft decreases.

1.4.2.2 Periodic Quality Assurance Checks

Static draft shall be re-measured at whatever frequency determined necessary to meet survey specifications.
However, at a minimum, static draft should be checked against previous survey values at the start of a new project
and whenever a vessel will be conducting survey operations with an atypical loading configuration. Dynamic draft
shall be re-measured if the vessel’s hull shape is altered, significant changes in weight distribution of the vessel
have been made, or other physical alterations have been made to the vessel that may affect dynamic draft values.

1.4.2.3 Documentation and Reporting Requirements

Dynamic offset measurement documentation shall be broken into two separate sections, one for static draft and one
for dynamic draft measurements. All information listed below should be documented. This documentation shall
be maintained by the field unit and available for review during Hydrographic Systems Reviews and at the request
of OCS. The dates and basic methodology used to determine dynamic offset measurements shall be reported in
the DAPR for each applicable project. The actual frequency of static draft measurements, any significant changes
to static draft, and any subsequent changes to dynamic draft should also be included with this documentation.
Static draft measurement documentation shall include the following:

* A complete description of the procedure used to determine draft and estimate error.

» Geographical location where measurements were made and number of observations used for draft determination.
* Raw draft measurement data in tabular format and error estimate calculations.

» Final static draft values, as applied in the CARIS HVF.

* The frequency with which draft will be measured during subsequent survey operations, with justification for
this decision.
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Dynamic draft measurement documentation shall include the following:

* A complete description of the procedure used to determine dynamic draft, with a chartlet identifying the
geographical area where measurements were made.

» Raw data with sufficient explanation of data reduction to enable recalculation of the final dynamic draft values
and error estimates.

* Final dynamic draft values, as applied in the CARIS HVF.

Note: Think carefully about the sign of the dynamic draft values placed in the Draft sensor entry in the CARIS
HVF. CARIS expects the change in Z to be a positive down, so a sinking of transducer creates a shallower depth
than the “true depth”, and the dynamic draft value will be positive. If the vessel rises in the water, the measured
depth will be deeper than the “true depth” and the dynamic draft value will be negative. Depth= Observed depth
— Waterline + change in depth.

1.4.3 Wiring diagrams

All field units should maintain up-to-date wiring diagrams for each of their survey vessels. These wiring diagrams
should be reviewed and updated during the Annual Systems Preparation process.

1.5 Hardware Systems

Hardware systems used by NOAA field units for hydrographic survey operations consist of a variety of
technologically advanced echosounders and attitude sensors and each instrument must be properly maintained
and calibrated in order to provide quality data.

Calibration, maintenance, documentation, and reporting requirements established by OCS for common hardware
systems used by NOAA hydrographic field units are described in sections . New sensors and instruments
unique to only one or two field units may not be addressed in this manual. Likewise, as NOAA’s organizational
expertise with existing systems continues to grow, new and improved procedures that supersede those documented
here will be developed. In such cases, this section of the FPM shall be used as a guide for the development,
implementation, and documentation of new procedures. If a new procedure is used, it must be approved by HSTP
and documented with sufficient detail for the process to be recreated.

1.5.1 Position, Attitude, and Heading Sensors

For OCS hydrographic surveys, vessel position is typically determined using a variety of GPS based positioning
methods, as described in the Hydrographic Survey Specifications and Deliverables (HSSD). Attitude sensors are
often employed to measure a vessel’s roll and pitch about its RP and any purely vertical heave action affecting
the vessel. The vessel’s orientation about its vertical axis (i.e., yaw) is generally determined with a heading sensor
or gyroscopic compass. Attitude and heading values measured by these sensors are typically applied to sounding
data during post-processing. Each of the aforementioned sensors may be stand-alone systems, or they may be
integrated into a navigation system that will collectively determine vessel position, attitude, and heading.
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Note: Not all NOAA hydrographic field units may be outfitted with an attitude sensor. However, this equipment
will be included on any NOAA vessel used to acquire multibeam echosounder data. Vessel attitude must be
measured and applied to multibeam data to produce accurate soundings. Due to the wide beam angle of vertical
beam echosounders (VBES), attitude corrections are less critical for this type of data. However, CARIS HIPS is
capable of applying attitude data to VBES when available.

The Applanix POS/MV (Position and Orientation System/Marine Vessel), a GPS-aided inertial navigation system,
is the most common system used by NOAA hydrographic field units to measure vessel position, attitude, and
heading. As such, the POS/MV calibration and reporting requirements are specifically addressed in this manual.
Field units equipped with alternate position, attitude, or heading sensors shall contact the regional HSTP Field
Support Liaison to develop approved calibration and maintenance requirements.

1.5.1.1 Applanix POS/MV

The POS/MV navigation system will calculate survey-quality vessel position, heading, and attitude data. Primary
system components consist of a processing unit, two GPS antennas, and an inertial measurement unit (IMU),
which is typically installed at the vessel’s RP for NOAA configurations.

1.5.1.1.1 Calibration Requirements and Methods

At a minimum, NOAA hydrographic field units shall calibrate the POS/MV during Annual Systems Preparation.
Additionally, the POS/MV shall be recalibrated after any IMU or antenna installations, movements, and/or
modifications. The appropriate POS/MV Installation and Operation Guide will contain comprehensive guidance
on system operation and calibration.

Note: Although the POS/MV Installation and Operation Guide refers to the calibration process as “antenna
installation calibration,” it should be performed following any physical antenna or IMU adjustments, not just
antenna installation. Additionally, all IMUs shall be turned in to the regional Electronics and Engineering Division
(EED) depot every three years so that the units can be shipped to Applanix for factory service and recertification.
If a field unit has been equipped with a Version 4 or higher POS/MV system, it is possible to perform an additional
lever-arm calibration. However, this calibration should not be attempted without appropriate Real Time Kinematic
(RTK) support. Field units should contact the regional HSTP Field Support Liaison for RTK support prior to
conducting a lever-arm calibration.

1.5.1.1.1.1 Offsets & Reference Frame Conventions

Prior to calibration, POS/MV lever arm distances should be entered, as necessary, and/or verified in the POS/
MYV controller software. Be very careful not to enter values for offsets that will be applied to data during post-
processing via the HVF. If the IMU is collocated with the vessel’s RP and CM, the distance from the IMU to the
primary GPS antenna (port side for OCS configurations) and the distance between GPS antennas may be the only
offsets that need to be entered in the POS/MV controller software. Measured antenna separation distance must be
accurate to within 5 mm, per the manufacturer’s specifications. Refer to the POS/MV Installation and Operation
Guide for additional measurement accuracy requirements and coordinate system conventions. Note: Be certain
that offsets entered in the POS/MV controller software correspond to the local POS/MV coordinate system, which
may differ from the vessel reference frame coordinate system. A summary of coordinate systems for common
OCS systems and software is included in Appendix 1 (Coordinate Systems.pdf).
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1.5.1.1.1.2 Performing the Calibration

Detailed instructions for performing a POS/MV calibration should be reviewed in the POS/MV Installation and
Operation Guide. For a successful calibration, the POS/MV GPS Azimuth Measurement Subsystem (GAMS)
must have data available from 7 or more satellites and a Positional Dilution of Precision (PDOP) equal to or less
than 3.0. The calibration should be performed at a time when satellite geometry is good. GPS mission planning
software can be used to identify an optimal calibration time, during which the PDOP will be at a minimum.
Mission planning software is included on the Hydrosoft website https:/inside.nos.noaa.gov/hydrosoft/welcome|
, or at no charge from Trimble at www.trimble.com/planningsoftware.htm].

The POS/MV calibration should be performed in an open area where unrestricted maneuvering is possible and
there are few vertical features likely to produce multipath signals. Set the user multipath setting to “Low” to allow
the system to calibrate with the highest accuracy. It is important for heading accuracy to settle to less than the
threshold set under the GAMS Installation Parameters before performing a calibration.

Note: This threshold shall always be set to 0.5 degrees or less when calibrating systems for OCS survey operations.
Maneuvering the vessel in a figure eight pattern will help bring the heading accuracy within this range. Once
a calibration is started, it often takes more than the 1-2 minutes on a straight course stated in the POS/MV
Installation and Operation Guide for the “CAL in Progress” process to complete. After a successful calibration,
save the new calibration values into non-volatile memory as described in the POS/MV Installation and Operation
Guide, and save a copy of the final POS/MV configuration file for reference. A method for computing the lever
arm offsets is outlined in the Ellipsoidally Referenced Survey SOP.pdf in Appendix 4.

1.5.1.1.2 Periodic Quality Assurance Checks

Once a high-quality POS/MV calibration has been performed, it should remain valid until system components
are moved or altered. The POS/MV should operate reliably provided adequate satellite coverage and differential
correctors are available. If the POS/MV becomes problematic, recalibration may be conducted at the discretion
of the field unit. If a recalibration is desired, the same process used for the annual calibration should be repeated.

Note: If the POS/MV is recalibrated, a new patch test should be performed for any associated multibeam
echosounder systems. (Refer to section [1.5.5.1.2 for a description of the patch test).

For each calibration conducted, system settings, procedures, and results achieved should be recorded in a POS/
MYV Calibration Report. A blank report form is included in Appendix 1 (POS-MV_Cal_Report.pdf), with sample
data entered in red font. This documentation shall be maintained by the field unit and available for review during
Hydrographic Systems Reviews and at the request of OCS. The dates of current POS/MV calibrations shall be
reported in the Hydrographic Systems Inventory. All POS/MV calibrations conducted shall be described in the
DAPR for each applicable project.

1.5.2 Sound Speed Measurement Instruments

Accurate measurements of sound speed (often referred to as “sound velocity”) both through the water column
and at the water’s surface are critical to hydrography, particularly if soundings are acquired using a multibeam
echosounder. Two basic types of sound speed instruments are currently used by NOAA hydrographic field units,
those which directly measure sound speed (commonly referred to as “velocimeters”) and those which measure
conductivity, temperature and depth and then calculate sound speed (commonly referred to as “CTDs”). All field
units performing OCS surveys shall proactively monitor the accuracy of sound speed measuring instruments and
conduct preventative maintenance as described below.
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1.5.2.1 Calibration Requirements and Methods

All sound speed measuring instruments employed by NOAA hydrographic field units shall be calibrated annually
and inspected by the manufacturer, unless the manufacturer recommends a different time period. Field units
should turn in all sound speed measuring instruments to the regional EED depot promptly after arriving for winter
inport or during another suitable period of inactivity. EED will arrange for the instruments to be returned to the
manufacturer for calibration and inspection. This process takes approximately six weeks.

Note: For DigibarPro systems, only the probe needs to be returned for annual calibration. There is no need to
remove the cable or display unit from the vessel unless these components require repair or replacement. Field units
that can not feasibly submit sound speed measuring instruments to the regional EED depot shall contact EED to
coordinate a direct submission to the manufacturer. Following annual calibrations, comparisons equivalent to the
Data Quality Assurance processes described in section shall be conducted for all sound speed measuring
instruments.

1.5.2.2 Periodic Quality Assurance Checks

Periodic quality assurance checks shall be performed for all sound speed measuring instruments. NOAA
hydrographic platforms shall conduct these quality assurance checks on a daily or weekly basis as described
below. Field units with sound speed measurement instruments not addressed in this manual should contact the
regional HSTP Field Support Liaison to develop a comparable quality assurance plan.

1.5.2.2.1 Daily Data Quality Assurance (Daily DQA)

If the vessel is equipped with a surface sound speed measuring instrument (typically installed at the head of
a multibeam sonar), compare a measurement from this instrument to the results of a full sound speed profile
acquired at the beginning of each day the surface instrument will be used. This comparison can be performed in
NOAA'’s Velocipy software, which is a second generation of the Velocwin, using the “Surface Sound Speed DQA”
function. All discrepancies greater than 1 m/s should be noted and tracked to determine if the instrument requires
repairs or recalibration. Note: NOAA hydrographic field units have experienced several failures with this type
of instrument. Since surface sound speed data is critical for acquiring data with flat-faced MBES systems, these
instruments must be monitored and tested each day prior to operations.

1.5.2.2.2 Regular Data Quality Assurance (Regular DQA)

A full water column profile from each sound speed profiling instrument shall be compared to an independent source
at least once during each leg of survey operations or every two weeks during survey operations This comparison
should be accomplished by conducting a simultaneous cast with two profiling instruments and comparing the
results using Velocipy’s “Compare Two Profiles” function. Caution: If simultaneous casts are processed in
Velocipy using the same vessel name, the processed file names will be identical and one will be overwritten.
The user should rename the first file processed to avoid this potential problem. Data from two different types
of profilers can be used for this comparison, provided both datasets have been initially processed in Velocipy.
Comparison casts should be conducted in water at least as deep as typical depths for the current project.

Note: If a Digibar is to be used for a simultaneous cast, first conduct a Velocipy “Digibar DQA” comparison for
the instrument using a fresh water sample.
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1.5.2.3 General Maintenance Practices

Velocimeters and CTDs should be rinsed with freshwater at the end of the day after use. The moving parts of the
winch on the Moving Vessel Profiler (MVP) system requires weekly lubrication of its moving parts (e.g. gears
and levelwind) to maintain effectiveness and to sustain its lifetime. It is also highly recommended to shift the
messenger on the MVP every 24 hours of continuous use however armoring may make this more tedious. Field
units should routinely do an inspection of the MVP towfish.

1.5.2.4 Documentation and Reporting Requirements

Results from annual sound speed instrument calibrations, i.e., manufacturer’s documentation and the corresponding
digital calibration coefficient file, shall be maintained by the field unit and available for review during Hydrographic
Systems Reviews or at the request of OCS. The dates of annual calibrations and any instrument problems or non-
routine maintenance performed shall be reported in the Hydrographic Systems Inventory.

If using Velocipy, the results of each DQA test performed will be sorted by project number and saved to a file
named <project number>.DQA, (e.g., OPR-A###-AA-YY.DQA) in the “SVfiles” directory. If Velocipy is not
used for weekly data quality assessments, these comparisons shall be manually recorded. DQA records associated
with each survey shall be included in Separates II of the Descriptive Report. Documentation for all calibrations or
maintenance conducted shall be included in the DAPR for each applicable project.

1.5.3 Manual Depth Measurement Equipment

Although no longer used as a primary means of survey, lead lines and sounding poles are invaluable for some
operations. These tools can be used to take soundings in areas too shallow for echosounders or to verify least
depths over dangers to navigation or shoals. The most common use of lead lines is as a calibration standard for
echosounders. However, like all measuring devices, these tools have their own calibration requirements. Both
lead line and sounding pole requirements are addressed in this section.

1.5.3.1 Calibration Requirements and Methods
1.5.3.1.1 Lead Lines

All field units engaged in hydrographic surveys where general depths are less than 40 meters shall carry one or
more marked and calibrated lead lines. Depending on the depths in which they will be used and the size of the
vessel, OCS recommends that lead lines are 30m to 60m long. Each lead line shall be marked with a numerical
identifier to be retained throughout the life of the lead line or until re-marking is necessary.

Traditional lead line material is mahogany-colored tiller rope with a phosphor-bronze wire center. Specifications
for this material and directions for making and maintaining a traditional lead line can be found in Appendix 1
(Leadline_Sndngpole Directions.pdf). Since line and tape materials have evolved significantly and lead lines are
now used in special circumstances, rather than for entire surveys, it may be appropriate for alternate materials to
be used when constructing a lead line. When choosing a lead line material, key properties to be considered are
strength and elasticity. The line or tape must not part if deployed from a vessel underway and must not stretch
significantly under tension or when wet.
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All lead lines used for OCS hydrographic surveys shall be graduated to at least the decimeter level. Any convenient
system of marking that will minimize reading errors may be used, provided each whole meter of line is marked
and identified with a clearly written numerical depth value.

Lead lines shall be calibrated by comparison with a known standard during Annual Systems Preparation and prior
to each day’s use if constructed with non-traditional material. The testing standard should be a survey quality
metal tape, pre-measured graduation marks on deck or ashore, or similar item. If the mean correction exceeds
0.1m the lead line must be re-marked.

1.5.3.1.2 Sounding Poles

When surveying in depths too shallow for an echosounder, it may be prudent to use a sounding pole if the area is
flat and the waters are protected. Sounding poles shall not be used in depths greater than 4 meters and are typically
not used in depths greater than 2 meters.

A traditional sounding pole is made from a meter length of 1.5 inch (3.81 c¢m) round lumber capped with a
weighted metal shoe at each end to hasten sinking. Shorter poles may be used, depending on the depth conditions.
Directions for making and maintaining a traditional sounding pole can be found in Appendix 1 (Leadline
Sndngpole Directions.pdf). Since modern pole, pipe, and stick materials are readily available and sounding poles
are now used in special circumstances, rather than for entire surveys, it may be appropriate for alternate materials
to be used when constructing a sounding pole. When choosing a sounding pole material, key properties to be
considered are strength, weight, and bluntness. The pole must not significantly bend if deployed from a vessel
underway or weaken when wet. Additionally, it must not be so buoyant or sink so rapidly that it becomes difficult
to handle and must not penetrate the seafloor to an extent that would generate erroneous soundings.

All sounding poles used for OCS hydrographic surveys shall be graduated in meters to at least the decimeter level.
Any convenient system of marking that will minimize reading errors may be used.

Any sounding pole maintained aboard a NOAA hydrographic vessel shall be calibrated during Annual Systems
Preparation. Calibration shall be against a known standard, such as a survey quality metal tape, to ensure that
depth markings are unambiguous and accurate. Sounding poles created between Annual Systems Preparation
events shall be calibrated prior to use on an OCS hydrographic survey.

1.5.3.2 Periodic Quality Assurance Checks

Due to the static nature and infrequent use of manual depth measurement equipment, there are no requirements for
accuracy checks, other than annual calibrations, if traditional lead lines or a regularly maintained sounding pole
is being used. As previously stated, lead lines constructed with non-traditional material shall be calibrated prior
to each day’s use, and sounding poles created on-the-fly for special circumstances encountered shall be calibrated
prior to use on any OCS hydrographic survey.

1.5.3.3 Documentation and Reporting Requirements

A Lead Line and Sounding Pole Calibration Report shall be completed each time a lead line or sounding pole
is made or compared to a standard. A report form is provided in Appendix 1 (Leadline_SndngPole Cal Report.
pdf), with sample data in red font. Reports for calibrations conducted during Annual Systems Preparation shall be

maintained by the field unit and available for review during Hydrographic Systems Reviews and at the request of
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OCS. The dates of current calibrations shall be reported in the Hydrographic Systems Inventory. Documentation
for calibrations shall be included in the DAPR for each applicable project.

In addition to the above reporting requirements, a full Sounding System Comparison shall be completed each
year as a part of Annual Systems Preparation, following calibration of all sounding systems. A lead line shall
be used to manually acquire a standard for comparison to calculated depths from each of the field unit’s vertical
beam echosounders, multibeam echosounders, and diver least depth gauges. This process shall be documented
according to the example provided in Appendix 1 (Sndng_Sys Comparison_Log.pdf) and included in the DAPR
for each applicable project.

1.5.4 Vertical Beam Echosounder (VBES) Systems

NOAA hydrographic field units may use VBES systems for water depth measurement and/or to confirm depths
measured by other systems, such as multibeam echosounders. The consistency and accuracy of VBES soundings
are directly related to the care with which these instruments are calibrated, maintained, and operated. It is critical
that field units both ensure these systems are properly calibrated and educate operators about the effects of
manually adjusting the transceiver controls such as power, gain, and sensitivity.

Vertical beam echosounders are typically either dual frequency or single frequency. Users should operate each
echosounder in accordance with its manufacturer’s documentation. When used for OCS hydrographic surveys,
VBES systems shall be set with an assumed speed of sound through water of 1500 m/s. Recorded sounding data
shall be corrected for actual sound speed, determined with a sound speed profiling instrument, during data post-
processing.

1.5.4.1 Calibration Requirements and Methods

The field unit shall verify, during Annual Systems Preparation, that VBES sounding data are accurate and that each
system is in proper working order. While a lead line comparison is the minimum VBES calibration requirement, a
simultaneous comparison of lead line, VBES, multibeam echosounder, and diver least depth gauge (DLDG) data
is also required by OCS during Annual Systems Preparation. (Refer to section for details on Sounding
System Comparison.) If the VBES unit is found to be out of calibration, it should be sent to the regional EED
depot, which will return it to the manufacturer for repair. Field units that can not feasibly submit VBES systems
to the regional EED depot shall contact EED to coordinate a direct submission to the manufacturer.

When performing sounding system comparisons, the vessel should, ideally, be anchored in an area with a flat
sandy bottom and calm sea conditions. If comparisons will also be made to DLDG data, the water depth should
be between 10 and 20 meters. The lead line depth should be measured from a location close to the transducer
and timed as near as possible to slack water to minimize any effect from current on the lead line. If the vessel
has a known list or is large enough that a level platform can not be accurately determined, simultaneous lead line
readings should be taken from each side of the vessel and averaged.

1.5.4.1.0.1 HYPACK Latency Test
The following HYPACK latency test procedures should be performed for vessels operating a single beam
echosounder and no POS/MV or motion compensator. This test is used to solve for the delay in time between the

GPS “time tag” and the HYPACK PC time stamp.
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* Run reciprocal lines perpendicular to a slope of a feature and determine the timing

Timing Bias Calibration

Survey Line
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Figure 1.2: HYPACK Timing Bias Calibration

» The Latency Test for the Single Beam Echosounder is found in the utilities menu of HYPACK
* Open the two lines acquired in the latency test program

* Review Cross Section
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Figure 1.3: HYPACK Review Cross Section Window

*  Open the Adjustment window and perform the automatic latency calculation
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Figure 1.4: HYPACK Adjustments window

»  Perform three separate tests and use the average of the results

Once the user has determined the final latency value, it can be entered in the offsets menu on the HYPACK
device parameters or it can be added to the navigation timing lever arm correction in the CARIS HVF file.
(*note only add the offset in once!)

1.5.4.2 Periodic Quality Assurance Checks

For modern digital VBES systems, instrument errors are generally small, fixed in magnitude, and independent
observed depths. However, to ensure that echosounders continue to operate properly, periodic confidence
checks should be conducted. A confidence check can be accomplished by comparing VBES soundings to lead
line readings, nadir multibeam echosounder depths, or DLDG data. As when performing a calibration, routine
comparisons should be conducted in an area with a relatively flat and hard bottom, when sea conditions are
calm.

Confidence checks shall be conducted at least once per week for all surveys performed with VBES systems.
Any discrepancies identified between sounding systems that are greater than the allowable depth error for the
corresponding survey must be investigated to determine if the equipment is in need of repairs.

1.5.4.3 Documentation and Reporting Requirements
Results of VBES calibrations and confidence checks shall be recorded in a Sounding System Comparison Log

to be maintained by the field unit. A comparison log is included in Appendix 1 (Snding Sys Comparison.
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pdf) with sample data in red font. Calibration records for each VBES used for hydrographic surveying shall
be available for review during Hydrographic Systems Reviews and at the request of OCS. Sounding System
Comparison Logs shall be included in the DAPR for all applicable surveys.

1.5.5 Multibeam Echosounder (MBES) Systems

NOAA’s hydrographic survey units use MBES systems to acquire full- and partial- bottom bathymetric coverage
throughout a survey area, to determine least depths over critical items such as wrecks, obstructions, and dangers-
to-navigation, and for general object detection. Field personnel should refer to section 5.2 of the HSSD.

Proper calibration of MBES systems is critical for maintaining ahigh level of accuracy and meeting OCS
hydrographic survey specifications. Various models of swath-type multibeam sonars are used for NOAA
hydrographic survey operations. For the purposes of this document these MBES systems will be treated as
equivalent units unless otherwise specified.

1.5.5.1 Calibration Requirements and Methods

MBES performance is largely a function of the original system specifications. To ensure that MBES systems used
for OCS surveys continue to perform adequately, all systems should be maintained and serviced in accordance
with manufacturers specifications.

1.5.5.1.1 Offset Measurement and Verification

Offsets for MBES systems shall be measured and/or verified as part of the vessel static offsets survey described
in section . OCS typically uses two types of MBES configurations, hull-mounted and pole- or lever mounted.
Particular attention must be paid to the alignment of the sonar head with respect to the keel of the survey vessel,
as a very small alignment error can introduce significant positioning errors in the data.

In addition to the above alignment considerations, pole- and lever-mounted systems introduce another potential
source of positioning error. Since these systems are deployed and retrieved after each use, care must be taken to
insure that the sonar is both stabilized during use (via pins, guy wires, or the like) and that its deployed position
does not vary. Stabilizing mechanisms should be inspected regularly for wear, stretching or general deterioration
that could affect the sonar offsets or stability.

1.5.5.1.2 MBES Calibration

As part of Annual Systems Preparation, field parties shall conduct a system calibration to quantify the accuracy,
precision, and alignment for each MBES system. At a minimum, the calibration shall include determination of
residual biases in roll, pitch, heading, and navigation timing error. This procedure, commonly referred to as a
“patch test”, is performed by acquiring data that will highlight only one bias parameter at a time. The patch test
should be conducted